We present the case of an HIV-seropositive individual with cryptococcal meningitis who was found to have a fluconazole resistant strain of Cryptococcus neoformans. The individual required multiple rounds of amphotericin and fluconazole 800-1200 mg after several episodes of clinical relapse. Cerebrospinal fluid sterilization was achieved and maintained with high doses of fluconazole. This case demonstrates the emerging dilemma of increasing rates of fluconazole resistance in Cryptococcus and the clinical difficulties in meningitis management.
Introduction
Cryptococcus neoformans is an opportunistic pathogen that gives rise to most cases of AIDS-related fungal meningitis worldwide [1] . Initial infection occurs after respiratory inhalation with pulmonary infiltration, followed by subclinical disease with detectable antigenemia by latex agglutination assays for a median of at least 3 weeks, prior to dissemination into the central nervous system (CNS) [1] . The global prevalence of cryptococcal antigenemia, in HIV-seropositive persons with CD4 cell count < 100 cells/μL, is estimated at 6%, with 223,100 (95% CI, 150, 600-282, 400) incident cases of cryptococcal meningitis (CM) occurring annually [2] . Annual deaths from cryptococcal meningitis are estimated at 181,100 (95% CI 119, 400-234, 300), accounting for 10-15% of AIDS-related mortality [2] .
The mainstay therapy for cryptococcal meningitis, presently, begins with induction therapy with amphotericin and flucytosine for 2-weeks [3] . In Sub-Saharan Africa, where most cryptococcal cases occur, flucytosine is not licensed, available, or affordable [4] .
Therefore, therapy options are reduced to amphotericin and fluconazole, or when amphotericin is not available, fluconazole monotherapy. At the end of induction therapy, consolidation therapy typically consists of fluconazole 400-800 mg daily for 8 weeks, followed by maintenance therapy with fluconazole 200 mg daily for greater than 1 year [3] .
Antifungal susceptibility of Cryptococcus isolates in primary cryptococcal infection is not routinely recommended because antifungal resistance has not yet been a clinically significant problem. However, in cases of either persistent or relapsed cases of cryptococcal meningitis, isolates are recommended to be checked for antifungal susceptibility [3] . Established Cryptococcus breakpoints for fluconazole susceptibility have minimum inhibitory concentrations (MIC) of ≤ 8 μg/mL as susceptible, MIC 16-32 μg/mL as dose-dependent susceptible, and MIC ≥ 64 μg/mL as resistant [5] . We present a case of cryptococcal meningitis in the setting of fluconazole resistance; highlighting factors that give rise to fluconazole resistance as well as difficulties in the management of fluconazole resistant cryptococcal meningitis in settings where alternative antifungals are not available.
Case
A 50 y/o HIV-seropositive man presented to an HIV clinic in Kampala, Uganda on day 0 with persistent headaches, stiff neck, and vomiting. He was diagnosed with cryptococcal meningitis based on symptoms and a positive serum cryptococcal antigen (CrAg+). A lumbar puncture (LP) was not performed and he was given 2-weeks of fluconazole 400 mg/daily as monotherapy for the treatment of cryptococcal meningitis and initiated on antiretroviral therapy (ART) with tenofovir, lamivudine, and nevirapine. He had a temporary resolution of his symptoms.
Two months later (day 60) he was referred to our HIV clinic with a recurrence of headaches, neck stiffness, and vomiting. 800 mg/daily. He had three subsequent therapeutic LPs and CSF sterilization was documented on the 10th day of amphotericin. He continued fluconazole 800 mg/day for one month, followed by 400 mg/ day for 10 weeks, and finally 200 mg/day as maintenance therapy.
He returned to the clinic on day 180 (6 months from his initial encounter) with recurrent symptoms of meningitis reporting poor adherence to fluconazole. A repeat LP was performed and CSF analysis demonstrated WBC 25 cells//μL with CSF culture growing 93,000 Cryptococcus CFU/mL. He received another 14 doses of amphotericin, placed on fluconazole 1200 mg/day, and had 3 therapeutic LPs. At the end of 14 doses of amphotericin, his CSF culture continued to grow 21,000 Cryptococcus CFU/mL. After discharge, he was lost to follow up but returned to the clinic on day 240 (8 months from initial encounter) when his symptoms again recurred. Another LP was performed demonstrating WBC 220 cells/μL with 58,000 Cryptococcus CFU/mL on culture. He refused hospital admission and received only 3 doses of amphotericin as an outpatient prior to again being lost to follow-up. Fluconazole resistance testing performed on the cryptococcal isolates demonstrated a (MIC) > 64 μg/mL with high-level resistance to fluconazole.
He once again returned to the clinic on day 330 (approximately 1 year from initial encounter) complaining of worsening meningitis symptoms. At this point, his CD4 cell count had dropped to 2 cells/μL with the most recent HIV-1 viral load of 38,605 copies/mL. He received an additional 14 doses of amphotericin and remained on fluconazole 1200 mg/day. At the end of the 14 doses of amphotericin, his CSF cultures continued to grow 110 Cryptococcus CFU/mL. He received another 8 doses of amphotericin and CSF cultures at the end of this had sterilized. He continued high-dose fluconazole as an outpatient, and his ART regimen was switched to abacavir, lamivudine, and ritonavirboosted atazanavir due to HIV virologic failure. Doses of fluconazole included 1200 mg/day for 10-weeks of consolidation therapy and 800 mg/day thereafter for secondary prophylaxis. On day 480, now 16 months from time of initial diagnosis, he presented with possible paradoxical immune reconstitution inflammatory syndrome vs. severe sepsis secondary to pneumonia. CSF cultures taken at that time were found to be sterile. He passed away 4 days into this hospitalization (  Table 1) .
Discussion
This case not only highlights the complexity and challenges in managing fluconazole resistant cases of cryptococcal meningitis, but also highlights important factors that facilitate the rise of fluconazole resistance. Without antimicrobial susceptibility testing on initial presentation, it is difficult to determine whether fluconazole resistance, in this case, was intrinsic or acquired. However, several risk factors may have put him at risk for acquired resistance, including: 1) monotherapy with inadequate, FDA-approved doses of fluconazole for cryptococcal meningitis and 2) medication non-adherence and interruptions to fluconazole during both the consolidation and maintenance phases of therapy. The case also raises several important questions. If fluconazole resistance is an emerging threat, does in vitro susceptibility testing translate into clinical outcomes? If so, what are the implications for treatment when fluconazole is the only antifungal therapy option and alternatives are not widely available?
Globally, there has been an increase in the percentage of Cryptococcus isolates found to have some degree of fluconazole resistance. Over a 10-year period, the ARTEMIS DISK Global Antifungal Surveillance Study found that fluconazole resistance in Cryptococcus has been progressively increasing from 7.3% from 1997 to 2000, to 10.9% from 2001 to 2004, and 11.7% from 2005 to 2007 [6] . In the same surveillance study, fluconazole resistant isolates of Cryptococcus from the United Kingdom and the United States were rare, while isolates from Africa, Cambodia, and Spain demonstrated increasing fluconazole resistance [6] . Individual studies from Taiwan and Uganda have seen similar increases in fluconazole non-susceptibility and increasing MICs among Cryptococcus isolates, all within the last decade [7, 8] . While low rates of fluconazole resistance seen in North America and Europe may be attributed to decreasing rates of cryptococcal disease and fluconazole use with widespread antiretroviral access, increasing rates of fluconazole resistance in Asia, Africa, and Latin America may be attributed to both the increasing uses of fluconazole in clinical setting as well as agricultural settings. The increasing use of triazole fungicides for preventing fungal diseases in crops (e.g. Black Banana Rot Disease) may also be responsible for the rise in fluconazole resistance in Cryptococcus isolates [8] .
Cryptococcus demonstrates an intrinsic mechanism of survival by adapting to stress caused by stepwise increases in fluconazole concentrations [5] . Prior to the advent and widespread use of azoles, isolates analyzed demonstrated subpopulations of resistant strains able to grow at concentrations of fluconazole between 4 and 64 μg/mL [9] . Fluconazole resistant strains collected from AIDS patients have demonstrated subpopulations of resistant strains that can grow at fluconazole concentrations of 16 and 128 μg/mL [9] . Genetic sequencing has shown that during antifungal therapy, Cryptococcus can undergo mutations that give rise to subpopulations of cells that are drug-resistant [10] . These resistant strains of Cryptococcus can alter their growth rate when exposed to fluconazole, such that fluconazole resistant isolates grow slower than isolates that are susceptible to fluconazole [8] . Therefore, when exposed to fluconazole, susceptible cells are eliminated, while a subpopulation of resistant cells, which exhibit slow growth at higher concentrations of fluconazole, are selected for and can emerge to cause a relapse of clinical disease.
The clinical significance of the increasing trends of Cryptococcus strains exhibiting fluconazole resistance has not yet been elucidated and studies have had contradictory findings, albeit all with small sample sizes. Nasri et al. found that there was no association between elevated MIC and mortality in 13 out of 35 individuals with Cryptococcus strains with elevated MIC ≥ 16 μg/mL [11] . In Uganda, Smith et al. found a trend towards reduced 2-week culture positivity and lower mortality in individuals who had fluconazole resistant strains of Cryptococcus, although, the sample size was too small to conclude any statistically significant associations [8] . Aller et al. observed better clinical outcomes after maintenance therapy in Cryptococcus strains with fluconazole MIC < 16 μg/mL and a statistically significant association between a MIC ≥ 16 μg/mL and mortality, however, only 5 out of 25 individuals demonstrated elevated fluconazole MIC [12] . This case represents the emerging clinical dilemma that increasing rates in fluconazole resistant strains of Cryptococcus pose. Widespread use of fluconazole, in addition to inadequate and interruptive uses of fluconazole therapy in the treatment of both cryptococcal antigenemia and cryptococcal meningitis, has lead to an increase in strains of Cryptococcus having elevated MICs. Routine susceptibility testing is not currently recommended in first episodes of cryptococcal meningitis. However, in persons with prior fluconazole use or a history of medication non-adherence with frequent interruptions in therapy leading to relapsed or persistent cases of cryptococcal meningitis, susceptibility testing should be pursued. Although the clinical significance of increased fluconazole MIC is still undetermined, treatment failure and clinical relapse have been documented in cases of elevated fluconazole MIC. As demonstrated in this case, high dose fluconazole can be utilized throughout the consolidation and maintenance phases to maintain CSF sterility, especially in cases when no other antifungals are available. The increasing emergence of fluconazole resistance is becoming a widespread concern. Trends in fluconazole susceptibility should continue to be monitored and emphasis on optimal fluconazole therapy and ongoing advocacy for increasing the availability of alternative antifungals in resource-limited settings should become a priority.
